Background: National surveys have demonstrated a long-term decrease in mean energy intake in Japan, despite the absence of a decrease in the prevalence of overweight and obesity. We aimed to examine whether total energy intake of survey respondents is associated with completion of an in-person review of dietary records and whether it affects the trend in mean energy intake. Methods: We pooled data from individuals aged 20-89 years from the National Nutrition Surveys of 1997-2002 and the National Health and Nutrition Surveys of 2003-2011. We conducted a linear mixed-effects regression to estimate the association between total energy intake and the lack of an in-person review of semi-weighed household dietary records with interviewers. As some respondents did not have their dietary data confirmed, we used regression coefficients to correct their total energy intake. Results: Compared with respondents completing an in-person review, total energy intake was significantly inversely associated with respondents not completing a review across all sex and age groups (P < 0.001). After correction of total energy intake for those not completing a review, mean energy intake in each survey year significantly increased by 2.1%-3.9% in men and 1.3%-2.6% in women (P < 0.001), but the decreasing trend in mean energy intake was sustained. Conclusions: Total energy intake may be underestimated without an in-person review of dietary records. Further efforts to facilitate completion of a review may improve accuracy of these data. However, the increasing proportion of respondents missing an in-person review had little impact on the decreasing mean caloric intake.
INTRODUCTION
The prevalence of overweight and obesity has been growing worldwide for the past 30 years, 1 making trends in mean energy intake of significant public health interest. A rise in caloric intake is a potential contributor to excess body weight, which can lead to morbidity and mortality from obesityrelated non-communicable diseases. 2 Therefore, monitoring of dietary energy consumption at the population level is essential for planning and evaluating programs for the prevention and control of disease burden on society.
In Japan, the prevalence of overweight and obesity in the population aged 20 years and older has increased among men from 18% in 1980 to 30% in 2010, while it has been stable at approximately 20% among women. 3 The diet and nutritional status of the population of Japan has been monitored since 1947 through annual cross-sectional household surveys using nationally representative samples. These surveys have shown that the national average caloric intake increased after the end of the World War II, but started to gradually decrease in the early 1970s. In the 21st century, mean energy intake has continued to decrease among adults under 70 years, while it has remained constant for the older population. 3 Although the absence of an increase in mean daily caloric intake has recently been reported from national dietary surveys in other industrialized countries, [4] [5] [6] [7] only Japan has found a long-term downward trend at the national level.
No previous study has investigated what accounts for the decrease in mean energy intake in parallel with the rising prevalence of overweight and obesity in Japan. One of the potential factors is a methodological issue: total energy intake may be underestimated for an increasing proportion of survey respondents who do not have their dietary records checked directly with interviewers. The Japanese survey adopts a semiweighed household dietary record, in which representatives of participating households measure food and beverages consumed in the household over a single day and approximate distribution ratios of shared dishes across household members to obtain individual dietary intake. 8 To ensure accuracy of the data, survey interviewers are required to conduct an inperson review of questionnaires with participants, either when interviewers visit participating households for collection of questionnaires or when survey respondents visit a site for a physical examination conducted as part of the survey on a later date. However, it is suspected that an increasing number of respondents avoid these opportunities for an in-person review, partly reflecting changes in social conditions, such as the emerging diversity of family life and changes in employment conditions.
Underreporting by survey respondents is a common and well-accepted source of systematic measurement error in dietary assessment. 9 Previous studies have assessed underreporting of energy intake of individual respondents in national nutrition surveys that have used 24-hour recall and weighed dietary records. [10] [11] [12] [13] [14] However, no study has examined whether the lack of an in-person review of semiweighed household dietary records is associated with total energy intake estimated from the survey in Japan and whether it affects secular trends in mean energy intake of the population. Therefore, our objective was to examine the possibility of underestimation of total energy intake among survey respondents who do not participate in an in-person review of a household dietary questionnaire with a survey interviewer. We also explored whether trends in mean energy intake could change if all respondents had completed a review.
MATERIALS AND METHODS

Data
After excluding 5565 cases (4.2%) with missing data on variables used in this study, we pooled the individual-level data of 126 201 participants aged 20-89 years (58 290 men and 67 911 women) from National Nutrition Surveys from 1997 to 2002 and National Health and Nutrition Surveys from 2003 to 2011. We used the surveys from 1997-2011 because blood tests had been consistently conducted for participants aged 20-89 since 1997 and individual-level data were available up to 2011, when this study was implemented. In accordance with the Ethical Guidelines of Epidemiological Research, 15 our study was exempted from the application of these guidelines because we used only information that had already been anonymized at the time of the study design. Since 1947, the National Nutrition Survey has been implemented by the Japanese government to assess the nation's health and nutritional status. The survey was redesigned in 2003 to evaluate national health promotion programs for risk of non-communicable diseases and was renamed the National Health and Nutrition Survey (NHNS). The NHNS is a cross-sectional survey conducted every November. The survey uses a stratified two-stage cluster sample design, and the sampling frame is the list of all residential census enumeration areas stratified into 47 prefectures. For the first sampling stage, a simple random sample of census enumeration areas is drawn from each prefecture. In the second sampling stage, selected census enumeration areas are divided into unit blocks so that each block consists of 20 to 30 households, and unit blocks are sampled using a simple random sampling from each prefecture. All individuals aged 1 year and older living in private households in 300 sampled unit blocks are eligible to participate in the survey.
In 1995, the survey started using single-day, semiweighed household dietary records to assess dietary intake of individuals aged 1 year or older. Food intake is recorded on a single day in November, excluding Sundays and public holidays. Dietary records are weighed by taking inventory of all food and beverages consumed by a household and assigning approximate proportions of each item to individual household members. Prior to the survey, trained interviewers visit each household to distribute a self-administered questionnaire on food intake and instruct household representatives, who are typically responsible for food preparation, to measure quantities of food and beverages and complete the questionnaire. Household representatives are instructed to use a scale to weigh each food item and beverage consumed in the household and record this information, in addition to the allocation of shared dishes across individual household members on the questionnaire. In addition, food waste, leftovers, and food eaten away from home are also recorded. When survey interviewers visit households to collect the questionnaires, they review the questionnaires with the household representatives to clarify entries, fill in any missing information, and correct any errors. The surveys used the standard tables of food composition in Japan to calculate nutrient intakes from dietary records, changing editions from the fourth 16 to the fifth in 2001, 17 the fifth revised and enlarged in 2005, 18 and the 2010 edition in 2011. 19 A previous study estimated that the change in mean energy intake through revisions from the fourth to the fifth editions was less than 2%. 20 We therefore considered that the continuity of estimated mean energy intake was retained across the revisions.
The survey also asks that all participants aged 1 year and older undergo a physical examination at a designated facility within walking distance of their residence during the survey period. In the physical examination, trained interviewers take anthropometric measurements and ask interview respondents about their concurrent medications and physical activity. Adult participants are further requested to have a venous blood sample taken. The survey introduced a blood test as part of the physical examination for participants aged 30 years in 1989, and the minimum age of eligibility was lowered to 20 years in 1997. For members of households not handing in the food intake questionnaire to survey staff at the time of collection, the physical examination is the only in-person opportunity to review and correct the dietary records.
Statistical analysis
We applied a linear mixed-effects model separately by age groups (20-64 and 65-89 years) and sex to examine whether total energy intake was associated with the lack of an inperson review of dietary records. The random effects entered into the model at the levels of survey years, prefectures, unit blocks, and households to account for the analytical design of pooling data across survey years and the complex survey sampling design, including stratification and clustering in each survey year. In the model, the dependent variable was total energy intake of individual respondents (in kilocalories), and independent variables were 5-year age groups, body mass index (BMI; missing, <18.5, 18.5-24.9, 25.0-29.9, and ≥30.0 kg/m 2 ), indicator variables on living in a single-person household and buying lunch, and a proxy variable for participation in a physical examination. We assumed that respondents participated in a physical examination and reviewed dietary records with a survey interviewer if they had a blood test recorded, because blood samples were drawn only at the physical examination site. We considered that respondents were tested if at least one value of hemoglobin, serum total cholesterol, glucose, and hemoglobin A 1c was valid, because these four items covered three blood collection tubes used in the survey. We subsequently classified respondents into three groups: A, respondents having at least one valid item from their blood test (reference group); B, respondents not having any valid item from their blood test but having one from other household members; and C, respondents having no valid items from their blood test or those of household members. We regarded group A as participants in the physical examination, group B as nonparticipants having a participant in the physical examination from their household, and group C as nonparticipants who had no household participants in the physical examination.
We assumed regression coefficients on nonparticipation in a physical examination adjusted for confounding with covariates to be negative and represent average underestimation of total energy intake due to the lack of an inperson review of dietary records. We added absolute values of these coefficients to the total energy intake of respondents in groups B and C, in order to correct their total energy intake.
We then estimated mean energy intake from the corrected total energy intake under a counterfactual scenario (ie, all respondents participated in a physical examination and completed an in-person review of dietary records). We compared the corrected estimates of mean energy intake with crude means estimated from observed data by age group, sex, and three-year period. We used Wald tests adjusted for complex survey designs to test the equality of crude and corrected means of energy intake.
We applied a two-sample test of proportions and a twosample t test to assess the equality of proportions and means, respectively, between 1997-1999 and 2009-2011. We used a chi-square test and one-way analysis of variance to test the equality of proportions and means, respectively, across groups defined by the status of participation in a physical examination in 1997-2011. We performed all analyses with STATA/MP 13.1 (StataCorp LP, College Station, TX, USA).
RESULTS
In the pooled sample of the surveys from 1997 to 2011, participants who underwent a physical examination (group A) accounted for more than 60% of men and women aged 65-89 years, while these respondents accounted for 43% of men aged 20-64 years (Table 1) . Nonparticipants with participants in their household (group B) accounted for 31% of men aged 20-64 years, while the proportions ranged from 13% to 17% in other sex and age groups. The proportion of respondents in group A significantly decreased by 3 to 9 percentage points in all sex and age groups between the 1997-1999 and 2009-2011 periods, while that of respondents with no participating household members (group C) significantly increased by 5 to 6 percentage points during the same span. The proportion of respondents in group B remained stable among men, while in women, it significantly increased for ages 20-64 years and decreased for ages 65-89 years.
Mean energy intake in 1997-2011 was significantly different across groups A, B, and C for all sex and age groups ( Table 2) . It was highest for group A in all sex and age groups, while it was lowest for group C in men and for group B in women. Mean energy intake significantly decreased in all three groups by approximately 140 to 210 kcal for both sexes aged 20-64 years from the 1997-1999 to the 2009-2011 survey periods. In the 65-to 89-years age group, the decrease was significant only among respondents in group C in men and group A in women.
As for covariates, the proportion of respondents living in a single-person household was 0% for the group B respondents and was significantly higher for the group C respondents compared with group A respondents in all sex and age segments ( Table 3 ). The proportions of respondents buying lunch were significantly different among groups A, B, and C in all sex and age segments. The proportion of respondents buying lunch was higher for respondents in groups B and C compared with those in group A and was higher for men aged 20-64 years compared with any other sex or age segment. BMI was missing for 33% to 46% of respondents in groups B and C; a substantial portion of nonparticipants in a physical examination who had valid BMI were assumed to have selfreported height and weight at home. The distribution of valid BMI differed significantly among groups A, B, and C for all sex and age segments.
Adjusted for confounding with these covariates, total energy intake was significantly inversely associated with non-participation of respondents in a physical examination across all sex and age groups, irrespective of the participation of other household members (Table 4 ). In men, the absolute value of the association was significantly smaller for respondents in group B compared with those in group C, by 45 kcal for those aged 20-64 years (P < 0.001) and 39 kcal for those aged 65-89 years (P = 0.010). However, this difference was not significant for women (P = 0.351 for those aged 20-64 years and P = 0.898 for those aged 65-89 years).
We estimated corrected mean total energy intake under the counterfactual scenario that all respondents participated in a physical examination. After correction, mean total energy intake significantly increased by 1% to 3% across the study period compared to means estimated from observed data in all sex and age groups ( Table 5 ). The decreasing secular trend in mean energy intake from 1997-1999 to 2009-2011 was sustained after correction, at approximately 160 to 170 kcal in both sexes aged 20-64 years. A: Participants; B: Nonparticipants with a participant living in their household; C: Nonparticipants with no participants in their household. a P < 0.001 for the test of the equality of proportions between the groups A and C. b P < 0.001 for the test of the equality of proportions across groups A, B, and C. Estimates are adjusted for 5-year age groups, living in a single-person household, buying lunch, and body mass index. *P < 0.001.
DISCUSSION
To our knowledge, this is the first study to investigate the association of total energy intake with the lack of an in-person review of semi-weighed household dietary records in the NHNS. Our results demonstrated that total energy intake of respondents who did not participate in a physical examination was significantly lower compared with respondents who did. This finding suggests that total energy intake may be underestimated without an in-person review on site and that further efforts to facilitate participation of respondents in a physical examination may help improve accuracy of these data.
Our results also indicated the possibility that, particularly in men, a review of dietary records by other household respondents on behalf of respondents who are absent from a physical examination might increase the accuracy of total energy intake. However, the reviews of dietary information by surrogate respondents may have only a limited impact, because other household respondents may be unable to adequately probe for portion size of food bought for lunch outside of the home on weekdays, such as the amount of boiled rice. In Japan, approximately 40% of working-age men eat lunch outside of their homes, and rice accounts for approximately 30% of total caloric intake per capita. 3 In the NHNS, household representatives record only the name of dishes and the number of servings for meals bought outside of the home and they do not have to provide details about the portion size of individual food and drink items. For female respondents who did not have a physical examination, a proxy review had little additional effect on correcting total energy intake, indicating that other household members may not be aware of their diet. Therefore, to improve the accuracy of data on total energy intake, we recommend that respondents participate in a physical examination and review dietary records on their own rather than relying on the reports of other household members.
In the NHNS, the proportion of respondents receiving a physical examination has been gradually decreasing. This trend is largely attributable to the decrease in participation of respondents from households with two or more persons, a group that accounts for approximately 90% of the sample used in our analysis. However, our additional analysis showed that the proportion of households with two or more persons and with no household member participating in a physical examination has increased steadily from 19% in 1997 to 32% in 2011, while the rate of single-person households not participating in a physical examination has fluctuated between 30% and 40% (data not shown). Therefore, encouraging participation of households with two or more persons in a physical examination would be an important strategy for decreasing underreporting of total energy intake in the NHNS.
At the population level, if the proportion of respondents having a review of dietary intake records at a physical examination increased in the NHNS, mean energy intake would be expected to increase based on values from our crude data. However, these changes would account for less than 5% of mean energy intake before correction, even if all respondents received a physical examination. This may appear to be a rather small proportion compared with past results suggesting differences of 10% to 20% between estimated total energy expenditure and reported energy intake in weighed dietary records. 21 A study of National Health and Nutrition Examination Surveys in the United States demonstrated that the mean difference between total energy intake reported during a 24-hour dietary recall interview and estimated total energy expenditure was, at most, 10% in men and 18% in women. 10 Another study that analyzed 7-day weighed dietary records from the 2000 National Diet and Nutrition Survey in Table 5 . Observed and corrected means of total daily energy intake in the Japanese population, by age group, sex, and 3-year survey period the United Kingdom found that the median difference between reported energy intake and estimated energy requirements was nearly 30%. 22 The present study may not be directly comparable to these past studies based on the principle of energy balance, but the results suggest that the contribution of the lack of in-person reviews at a physical examination site to underestimation of mean energy intake may be limited in the NHNS. In addition, the increasing proportion of respondents not participating in a physical examination was not sufficient to offset the decreasing trend in mean energy intake. Other potential factors for decreased caloric intake to be explored in future studies might include an increase in the proportion of individuals skipping breakfast. 3 Our analysis has some limitations. First, we did not examine the effects on total energy intake of a review of dietary records at home, as it was not possible to identify which respondents had undergone a review when survey interviewers visited their homes. This might be particularly concerning for respondents who had difficulty leaving home without assistance, who account for approximately 8% of the older population. 23 The absolute magnitude of the association between total energy intake and the lack of in-person reviews might be expected to increase if a review in a survey respondent's home was considered. However, we believe that participation in a physical examination likely covered the majority of physically mobile respondents who underwent a home review, as those staying at home to meet interviewers might be motivated to undergo a physical examination as well. Second, no direct measure was available to assess an inperson review, because the survey did not record whether individual respondents underwent a review of dietary records. However, we believed that use of a proxy variable was the best possible solution given the constraint of data availability. Third, we did not have a biomarker to directly assess underestimation of total energy intake for individual respondents but only obtained the average population estimates by age group and sex. Previous studies assessed misreporting of total energy intake for individual respondents in national surveys using biomarkers for validation, such as basal or resting metabolic rate 10, 11, 13, 14 and total energy requirements, 10, 12, 22 which require height and body weight for estimation. We did not examine these biomarkers because anthropometric data were missing for respondents who missed a physical examination. Fourth, the present study did not consider reporting bias in energy intake associated with reactivity, such as social desirability and changes in eating behavior. Previous studies have revealed that these effects are important for underreporting, particularly among women and individuals with high body weight. 24 However, we believe that a single day of recording was likely short enough to prevent reactivity.
In conclusion, an in-person review of semi-weighed household dietary records at a physical examination site may decrease underestimation of total energy intake in the NHNS. Further strategies to promote participation of respondents in a physical examination, particularly from households with two or more persons, may be needed to ensure completion of a review of dietary records and improve the accuracy of data on total energy intake. However, the gradual increase in the proportion of respondents missing an in-person review contributed little to the decrease in mean total energy intake at the population level. Further research is needed to explore factors that have contributed to the downward trend of caloric intake in Japan.
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